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0 Multiple chamber Integrated process system. 



0 An integrated modular multi|3le chamber vacuum 
V" processing system (10) is disclosed. The system 
^includes a 'oad lock (12>, may include an external 
^cassette elevator (24), and an Intariai load lock 
CM wafer eiev^ (50). and also Includes stations about 
S^the periphery of fiie load tock for connecting one. 

two or several vacuum process chambers (16 to 22) 
Oto the load k>ck chamber (12). A robot HBO) is moun- 
Q^ted wHhin the k>ad jock and utilizes a concentric 
UJ shaft drive system (82} connected to an end effector 
} via a dual jFour-^bar Snk mechanism (86) for imparting 
I selected R-p mpvernent to the blade (84) to toad and 



unk3ad wafers at the external elevator, intemaf eleva- 
tor and Individual pnxess chambers (16-22). The 
system is uniquely adapts for enabfing various 
types of IC processing including etch, depositk>n, 
sputtering and rapid thannal annealir^ chanbers, 
thereby provicRng the opportunity for multiple step, 
sequential processing using different processes. 
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Mill TiPl g CHAMBER INTEGRATED PRQCgSS SYSTEM 



Background of the Invention 

The present invention relates to a muflipie 
chamiDer sificon wafer VLSI processing system that 
Includes a common load lock and wafer exchange 
robot and muKipie process chambers suitable ibr 
sequentially and simultaneously performing differ^ 
ent process steps such as deposition and/or dry 
etching of dielectric, semiconductor and conductor 
layers. The invention also relates to apparatus for 
perfonning muhiple integrated processing steps in 
a continuous sequence, that is. by routing semicon- 
ductor wafers Isetween different processing cham- 
bers while the system is closed and imder vacuum. 

Presently, the typical available Vl^I pnscesdng 
reactor systems are single chamtser batch-type 
systems In which the chamt»er Is dedicated to a 
single type of process such as pla^a etching or 
chemical v^sor deposition. These process-dedi- 
cated batch-type reactor chambers ara designed to 
provide a high processing throughput for a single 
process step such as. for example, the chemical 
vapor deposftibn of sificon or silicon dc^dde or 
other dielectric or the etching of such layers. 

To our knowledge, there are available very few 
systems that are capable of performing more ^an 
one process step in-situ- One of the few exceptions 
is the magnetron-enhanced gas chemistry plasma 
re»;tDr descrO^ed In allowed, co-pendng, common- 
ly assigned U.S. patent ^pncafion Serial No; 
814,638, enfitied "Magnetron-Enhanced Plasma 
Bching Process", filed December 3a 1d85, In the 
name of Maydan et aL The magnetron RIE mode 
plasma etch reactor described in the Maydan et al 
application is a modification of the plasma system 
disclosed in allowed, co*pencfing, common^ asr 
^gned patent applteatlon Serial Na 684,657. 
entitled 'Apparatus and Method for Magnetron-En- 
hanced IHasma-AssIsted Chemteal Vapor Deposl- 
flon% filed October 25. 1984. In the name of F6ster 
et al. In particular, the Foster et ai patent applica- 
tion disctoses the in-situ, sequential or simulta- 
neous deposition and etching of layers on a semi- 
conductor wafer. The Maydan and Foster appiica-. 
tfons are hereby incorporated by reference. 

Secondly, single ctiamber etcher systems are 
available having an assodated vacuum load lock 
that Is used for pre-or posHirocessing. 

Thirdly, an article In tiie October, 1985 Issue of 
Semiconductor Intemationai magazine, entitled 
: "Dry EJcWng Systems: Gearing up for Larger Wa- 




fers", pp. 48-60, schematically portrays a four- 
chamber dry etching system that uses a common 
k>ad took to transfer wafers to the tndivlduai etch 
chambers. 

5 

Summary of the Invention 
1. Otfects of the Invention 

10 

In view of the above-descrfl^ed state of the art. 
It is one object of the present invention to pro^^de a 
compact, multiple process chamt^r system that 
has the ability to perfbrm <ffiferent processes. ^ 

TS rnuttaneously on different wafers asidfor sequen- 
tlaily on the same wafer, white the system is dosed 
to atmosphere. 

It Is an additional, related object of the present 
invention to provide a multiple chamber semlcon- 

20 duclor processing system that, has integrated pro- 
cess capability. That is, a number of separate 
process steps Involwig distinctly different types of 
processes sudi as plasma etcWng. CVD deposi- 
tion, physical sputtering and rai^d thennal anneai- 

25 rng can be paribnned simultaneous or sequen- 
liaily on one or mora wafers while the system is 
closed to vacuum. 

ft is an additional object of the present Inven- 
tion to provide a semiconductor integrated cirouit 

30 wafer processing system having the above advan- 
tages and, in addition, having the capability to 
perform pre^ post-processing conditioning steps 
In the assodated load lode chamber. 

it Is still another object of the present invention 

3S to provide an VLSI semiconduclor wafer processbig 
system having the ^bove advantages and char- 
acteristics and which, in addfton, incorporates a 
simple two^axte (pr$) mbotic ioad lock wafer ex- 
change system and a one-a)ds robot wafer ex- 

40 change system within the mdividuai chambers. 
These robot systems cooperatively provide an 
overall very compact yet rebtWely dmple wafer 
harKiiing system tiat has fl)e adcfifional attributes of 
Inherent low particulate generafion as well as isola- 

4S tion of friction surfaces from the wafers. 



Summary of the Invention 

50 In one aspect, the present invention which ac- 
complishes the above objectives is embodted in an 
Integrated vacuum process system which com- 
prises a vacuum load lodt chamber having at least 
one. and preferably a plurafity or muHipGcity of 
. vacuum processing ctiambers mounted to tfie ex- . 
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tenor thereof and commtinicating with the load lock 
chamber cnterior via selectively closable sIHs In the 
load lock and processing chamtjers. Each of the 
processing chambers can be adapted to perfomi 
one or more processes selected from, for example, 
gas chemlstfy etcMng. gas chemistry deposition, 
physica! sputtering and rapkl thenmal anneal of one 
or more wafers posifioned within the chamber 
Each processing chamber Includes robot means for 
reversibly transferring a wafer from a selected In- 
ternal position adiacent the processing chamber 
opening to an internal wafer support The load lock 
cfiamber incorporates a first external wafer elevator 
which is adapted for positioning wafers adjacent a 
toad lock chamber entrance and a second Internal 
elevator which is adapted for moving wafers to an 
internal position adjacent tfie entrance. An 
wafer-handling robot is mounted within the load 
lock chamber and, preferably, comprises a horizon- 
tal wafer-holding blade, a duahfour bar link mecha- 
nism mounnng the liiade. Concentric drive shafts 
effect rotation of the blade via the four-bar link 
mechanism to selectively position the blade at tiie 
proces^ng chambers and elevafiors and, extend 
and retract the b^e, a^ via the four-biar (ink 
mechanism, to portion the blade at the elevators 
and at tfie selected internal positions in the pro* 
cessing chambers for toading and unloading wa- 
fers. 

In another aspect at least one of the process- 
ing chambers includes a wafer-supporting elec- 
trode. The process chamt^er robot means com- 
prises a group of vertically oriented pins, support 
means mounting ttw pins In a c&cular array, and 
means for moving the support means vertically to 
remove the wafer from the blade at the selected 
internal position and transport the walier to the 
support electrode araj to return the wafer to the 
blade at the selected internal posltkxi. This robot 
may include a wafer clamp ring mounted to the 
sipport ring above tfie wafer support pins for 
damping ti^e waf^r to the supporting electrode. 

In still another aspect, the robot of at least one 
of the processing chambers comprises a first gen* 
eraRy circular horizontal array of fingers adapted 
for holding tfie wafers; a second generally circular 
horizontal array of fingers Interdigitated with the 
first fingers and being adapted for holding a gen- 
erally circular susceptor in a horizontal orientation; 
a first elevator for mounting tiie first fingers and 
moving the first fingers (a) upwardly to lift the wafer 
off the blade preparatory to Bfting movement of the 
second fingers Into a processing position aid Qa] 
downwanjiy to return the wafer to the selected 
internal position and. the toad tock blade: and a 
secondly vertically movable elevator mechanism 
mouriting the second fingers for moving the second 
fingers (c) upwardly past the first fingers to lift tiie 



wafer therefrom onto tfie susceptor and into ttie 
processing position and (d) downwaitfly for depos- 
iting the processed wafer onto the first fingers 
preparatory to return by Uie fust fingers to tiie 

5 selected internal position and tiie toad tock blade. 

A second integrated vacuum processing sys- 
tem essentially Identical to tiie above<lescribed 
first system, but witiiout the external cassette ele- 
vator can be mounted to tiie first system at one, 

10 several or all of fiie process chamber mounting 
locations to Increase tiie processing capability and 
tiiroughput 

The load lock chambers can be adapted for 
processing and conditioning wafers ttierein and can 
75 Include a plate intBrmediate upper and lower 
groups of wafer positions for sealing tfie upper 
group within tiie load lock chamt^er and isolating 
tfie tower group from tiie process chamber during 
handling or processing of the upper group. 

20 ^ 

Brief Description of the Drawings 

The above and otiier aspects and advantages 
25 of the present Invention are descrflsed in confunc- 
tion with the fbDowmg drawing figures, in which: 

RG. 1 is a simpRfted top plan mw, partiy - 
sdiematic, of our multiple diamtser mtegratad pro- 
cess system. Illustrated with the toad lock and 
so chan^ser covers detoted; 

RG. 2 is a vertical cross-section view, partiy 
schematic, taken along One 2-2 in RG. 1: 

RG. 3 is an enlarged, partial top plan view of 
the robotic waf^ handling blacte assembly shown 
3s friRG.1: 

RGS. 4. 5 and 6 diagrammalically depict tiie 
operation of tiie wafer handling blade assembly's 
diial four-l^ar link mounting syst&m; 

RGS. 7-11 are highly schematized partial 
40 top plan views that dlagranmatically deptot the H-e 
movement of the toad lode robot h tran s fen ring 
wafers among the external cassette elevator, the 
internal kiad tock elevator and the vacuum procese- 
ing chamt>er8: 
46 RGS. 12-16 are sequential schematic 

cross-sectional representaticxi of the dedicated, ir>- 
temal wafer transport system disdosed in the re- 
ferenced CVD reactor diorlng tfie process of trans- 
ferring wafers from the external load lock blade to 
so the reactor susceptor and retuniing wafers from tiie 
reactor susceptor to tiie load tock blade; 

RGS. 17-18 are sequential schematized 
cross-sectional representation of tiie dedicated, in- 
ternal wafer transport system disctosed in the re- 
56 ferenced etch reactor during the process of trans- 
fenlng wafers from the externa! toad lock blade to 
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the reactor wafer support electrode and returning 
wafers from the reactor wafer support electrode to 
the load lock blade; and 

FIG. 20 is a top plan view partially - 
schematized of an alternative embodiment of our 
multiple chamber integrated process system which 
hicofporafes an additional pair of muMpIe diamber 
process systems. 



Detailed Description of the Invention 

RQ. 1 is a top plan view of a presently pre- 
ferred embodiment of our multiple chamber In- 
tegrated process system 10. RG. 2 Is a verticai 
cross-^Bcfion of system 10. 

Referring pnmanly to RGS. 1 and 2. our mul- 
tiple chamber IntegratBd proems system 10 (also 
tanmed "multiple diamber system "0 comprises an 
enclosed, generally pentagonal main frame or 
housing 12 having five sidewalls 13-13 that define 
an enclosed vacuum toed lode enclosure or cham* 
t}er 14. 

A number of indi\^dual vacuum processing re- 
actors (or chambers). lOustirafively chambers 16. 
13, 20 and 22. are mounted one each on an 
assodated sfdewaH of the load lock housing. 

An external cassetbe elevator 24 Is adapted for 
holding a muttiplldty of cassettes, IDustmthrely two 
cas^ttes 2B and 28. in a vertical position with the 
wafers 15-15 horizontal. The external cassette ele- 
vator assembly 24 comprises a first, horizontal 
t>ase plate 30 tfiat is mounted on guide shafts 32 
and 34 for ledprocal horizontal inctexing move- 
ment as Indicated by otow 29 (RQ. I), to selec- 
tively position each cassette dSrecUy opposite and 
aOgned with load lock dumber entrance sirt or 
opening 36. For example, ttie baso plats 30 can be 
mounted to and driven by a two-po^on afr 
cylinder-actuated beB crank wfildi is controlled by 
computer 70. The ca ssette elevator 24 Is also 
adapted by Indexing system 40 tor redprocal verti- 
cal Indexing movement as Indteated by arrow 31 
(RQ. 2), to selectively pres^ wafers wttfiin tlie 
cassette adjacent to the load tock sDt 36. Vertical 
cassette-Indexing system 40 comprises a lead 
screw 42 that is rotated ty a motor 44-driven gear 
set 46 for displadng drive nut 48 mounted to the 
base plate 30. 

The process chambers 16r22 and the asso- 
dated main frame v/ails 13-13 also have commu- 
nicating slits 36-36 which are similar or identical to 
the load lock entrance sBt 36. Doors or slit valves 
38 are provided for sealing these access sitts 36. 
Referring to RQ. 1. each door 36 is piyotalfy moun- 
ted as at 37 and can be operied and dosed. e.g., 
by an air. cylinder 69 controlled by computer 70. 
-That is, the means such as electrically operated 



valves for controlling appOca&ar) of air' to cyGnder 
69 are controlled by computer 70. 

The load lock chamber h^ an rntemal storage 
elevator assembly 50 that holds a number of wa- 

5 tiers 15-15, lUustratively up to eight on horizontal 
st^spoft plates 54. The elevator 50 Indexes the 
wafers vertically to present 'ffie wafers to the verti- 
cal position 56 for loading and unk>ading by the 
load lock robot blade assembly 84. as discussed 

10 twtow. 

Typically, the Internal stor^ elevator cassette 
assembly 50 comprises a base plaie 58 and slotted 
verticeil front plate 59 to which the horizontal wafer 
support plates 54-54 are mounted. In the illustrated 

}5 embocSment a pair of guide shafts 60-60 and drive 
shaft 61 can extend downwardly from the base 
plate 58 and through the bad lock chamt>er's bot- 
tom wall 62 via seals 63-63, for guiding and moving 
the etevator assembly 50. Bevator assembly 50 

20 can be raised and lowered by a vertk:al indexing 
system 64 comprising a lead scmt 65 ttiat is 
rotated by a motor 66Kiriven gear set 68 for dis- 
pladng drive nut 69 that Is mounted to the vertical 
shaft 61. The operation of the elevator vertk^al drive 

2S motor 68 as weO as cassette horizontal drive motor 
44 0;irBter^ly stepper motors) is controlled by a 
cc»iventxonal controller, a small general purpose 
computer or personal computer 70. 

Roix>tic wafer transfer system 80 is mounted 

30 within the toad lock chamber 12 for transferring the 
wafiers 15-15 between the external elevator 24 and 
the fntemal devator 50, between the internal eleva- 
ior 50 and the individual processing chambers 16- 
22. and between the processing chambers 16-22, 

3$ The robot 80 Includes a concenlric^shafl. rotational 
drive system 82 that imparts rever^le R-d move- 
ment to blade assembly 84 via a dual, fbur-t>ar Rnk 
mechanism 86 ior effecting the desired cassette-to- 
elevator, devator-to-chamber and diamljer-to- 

40 chamt>er water transfer. The. R movement (stralgtit 
. Dne extension and retraction) is indicated by arrow . 
72. R<B. 1, while the pivotal B movement is along 
arrow 74. 

45 

Robot 80 

Referring further to RG. 2, the robot assembly 
80 indudes a removable base plate 88 that is 
so mounted to the botbm wall 90 of load lock housing 
12. O-ring 92 seals the two Joined measbers. Rxed 
hollow outer shaft 94 is mounted to the base plate 
8a Hollow middle shaft 96 is mounted for rotation 
within the outer shaft 94 by journal bearbigs 97-97. 
35 An Inner shaft 68 Is mounted by ^mal bearings 
9iM9 wfthin the middle shaft 96. The concentric 
. mbjdie shaft 96 and Inner shaft 98 are tndepen- 
. dently rotated^ . typically by stepper motor-con- 
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trolfed cable and drum drive mechanisms 100 and 
102, respectively. The operation of respective step- 
per motors 150 and 152 is controlled by the 
controller/computer 70. As discussed below, rota- 
tion of the tnner shaft 98 and of the outer shaft 86 
are converted into precise R and 9 movement 
respectivefy. of the robot blade assenr^bly 84 by the 
dual four-bar Fink mechanism 88. 

Drive mechanism 100 comprises a drum 101 
whidi is tied in fixed relationship to middle shaft 96 
and is n>tated by cable 103. The cable 103 is 
mounted on, and wound on and unwound from, a 
drum 105 that is rotated by motxx* 150-driven bQ\i 
and pulley system 107. The drum 105. beft and 
pulley system 107 and motor 150 are mounted on 
support plate 109. which in turn Is nrtounted to the 
fixed outer shaft 94. As a consequence of this 
arrangennent. rotation of the n>otor 150 is translated 
by cable 103 into rotation of disic 101 and middle 
shaft 86. ' 

Simiterly, drive mechanism 102 comprises a 
di^ or drum 111 which is tied to inner shaft 98 and 
is n>tated by a cable 113. Cable 113 Is mounted on 
a dnjm 115. which is rotated by motor 152Kiriven 
belt and pulley system 117. Drum 115. belt and 
pulley system 117 and drive motor 152 are moun- 
ted on a support plate assembly 119 which Itself is 
mounted to or Is part of a member 121. In tum, 
memt^r 121 is affixed to or is part of the disic or 
dnim 101. As mentioned, disk 101 Is tied to and 
rotates middle shaft 86. Thus, when drive system 
too rotates middle shaft 96 by rotating the con^ 
nected disc 101. the disc 101 aiso rotates the drive 
system 102, thereby maintaining the angular posi- 
tion of shaft 98 with respect to ntiddlei shaft 66. 

Referring primarily to R6S. 1 and 3. the blade 
assembly 84 includes ami 104 and a repiaceabie 
metaJ blade or end effector 106 mounted thereto 
which has a circular pocket 108 for recming a 
wefiar 15 of a given size. Replaceable blades 106 
having cMerent sized podcets 108 can be used to 
hold drfferent sized wafers. Blade 106 has holes 
110-110 aijiiacent the outsr end that are conneclBd 
to a vacuum pump (not shown) by vacuum line 
112. which is routed through the hoHow inner shaft 
98 (l=IG. 2). Thus. b\36e 106 «»i operato as a 
vacuum pick, In which case the wafers are picked 
up at the end of ttie blade lirom cassettes 26 and 
28 or deposited into the cassettes, in the external 
atmospheric pressure ambient 

AHematively. me poctot 108 can be used to 
hoW wafers during transfer between the internal 
load lock elevator 50 aid the processing chairUDors 
16-22 or between the process chaml^ers, in the 
bad lock's vacuurn amt>ient In short the blade can 
V pick up wafers at atmospheric pressure or In vacu- 
um. and can pick up high temperature wafersl 
Referring furtter to RQ. 3. capacitive sensors 



114-114 are mounted at the fbnward end of the 
blade 108 just aft of the vacuum holes 110-110 tor 
use in sensing the presence/at^nce of a wafer 1 5 
on the vacuum ptok end or in the pocket 108. 

6 Bectricai leads 115 tor the sensors can be routed 
via Inner shaft 98 to computer 70. where tt^ output 
signals from the sensors 114-114 era used to de- 
termine the presence/absence of the ««ter 15 on 
the biade. Also, the output of a plurality of (three) 

10 LED optteal sensors 121 can be routed along the 
same path as leads 115 to the computer for detact^ 
ing the insertion of wafers into the toad lock cham- 
ber. 

The dual four-bar link mechanism 84 com- 

75 prises aUrst four-i>ar link 115 which itself coirv- 
prises first and second, parallel amns 116 and 117 
that are pivotally mourrted at spaced points atong a 
connecting Gnk/bracket 1ia The second ends of 
ttjp amis are mounted at spaced points atong a 

20 secoTKJ connecting link 118. 

A sedmd fbur-to Enk 12S comprises first md 
second arms 126 and 127 that are pivotaiiy moun- 
ted in common wittt arms 116 and 117. respec- 
tively, to tiie Onk 119. Ann 126 Is mounted al the 

25 second end thereof to bradcet 129 via pivol pin 
130. The bracket 129 itself is fixedly mounted by 
screws 132-132 to disk or collar 134 wl^ Is 
mounted to tfie upper end of the mtodle shaft 96, 
Arm 127 is fbcedly mounted by screws 136-136 to 

30 the upper end of inner shaft 98, which extends 
through the collar 134. 

Because of this cooperaflve mounting using 
common link 119, the rev«:*le rotatton of the 
Inner shaft 98 rotates «ie drive ann 127 and there- 

36 by transtonns the shaft rotatton imo bidirectional 
translation of link 118 and arm assembly 84. As a 
consequence of the fixed relaSve positions of the 
pivot points 120 and 122 on Hi^ 119, pivot 
points 138 and 140 on link 129. and of the pivot 

40 points on link 118, the two, fbur^ links 115 and 
125 maintain their parafletogram configuration dur- 
ing rotatton. The movement of Ihe Gnk 118 and 
blade assembly 84 thus parallel to (atong) axis 
136 through the pivot pplnts associated ^ link 

4S 118andflnlc129. 

RQS. 4. 5 end 6 Oluslrete movement of the 
four-bar Onks 115 and 125 durtog rotatim of the 
shaft 98 and drive arm 127. Initially, as shown, in 
RQ, 4, the Dnk assembiies 115 and 125 are fully 
50 exterKied to position the vacuum pick end of tiie 
blade 106 to pick up or depo^ a wafer at the 
external cassette 26 or 28. 

Referring to RG. 5. rotation of the inner shaft 
98 and drive anm 127 moves link 118 Inwardly into 
55 Ihe toad took chamber 19, thereby retradtog blade 
- 106 (R movement) to the posttipn over the inner 
elevator 52 tor picking up or depositing a wafer 
from the inner elevator. : 
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Upon additional rotation, as shown in RG. 6, 
the four-bar link assembly 115 crosses over the 
assembly 125 so that link 118 and blade 106 are 
futty retracted and the t^lade is over the flartge 134, 
forming a very compact configuration* In this re- 
tracted, compact configuiation, the blade assembly 
84 and the four-bar links 115 and 125 occupy a 
minimum area and. thus, traverse a relatively small 
area of the toad lock <^iamt)er during rotation. The 
desired rotation (e movement) along path 74 is 
effected by rotating middle shaft 96 and flange 
134. which, in turn, mfates pivot point 138 and the 
four-bar link mechanism 86 about the inner shaft 
axis 140 (RG. 2), 

The R-9 movement of the robot 80 inserts the 
blade 106 through the silt valve 30 into a selected 
process dtamber (see, for example, RG. 11) over 
flie wafer support susceptor or electrode wothin that 
chamber. Within the ctember. preferably a coop- 
erating one-axis bidirectional verfical movement ro- 
bot Pifts the yfa!& from tie blade 106. transfers the 
wafer to the associated chamb^ electrode or 
susceptor for processing, then retums the wafer to 
the reinserted blade 106 after processing. Euro- 
pean Patent Appilcalion Na 
{31502000/EA2800) entitled 'TTiomial CVD/PE(5VD 
Reactor and Use for Themnai Vapor Deposition of 
SiOcon Otoxkje and In-Sftu Muitl-Slep Pianailzed 
Process' cfisdoses a chemk^ vapor 
deposition/jpldsma-enhanced chemical vapor reac- 
tor system adopted fcr tfiermai chemical vapor 
deposition (CVD), plasmarenhanced chemical va- 
por deposHton (PECVD). plasma etchback, reactor 
self-cleaning, and sputtering film topograii^y modi- 
flcafion (also called "referenced CVD reactor"-) The 
referenced CVD reactor has a one-axis bidirectional 
robot system uniquely adaptad for the above-de* 
scribed Internal wafer trsnsler In such reactors. In 
addition. European Patent Application No« 
015O2OOQ/EA 2800) entitled "Magnetic Reld-En- 
hanced Plasma Reactor", describes a multiple pro- 
cess etch reactor ha^ng a srngie axis robot wfilch 
Is uniquely dedgned for etch reactors. The ref^en- 
ced ()VD reactor patent appOcadon and the re- 
fer^iced etch reactor patent application ^ both 
incorpqraM by reference. 

Operation of Robot 80 

As one example of an overall sequence of 
opewatlon of the robot 80. HGS. 7-11 depict the 
fOboVs R-e movement in moving a wafer IS (FIQ. 
7) from extamai cassette elevator 24 to Internal 
elevator 50 and then Into process chamber 20 (RG. 

: 11). ''::^:.}-V-}/ 

Initially/ as is also depicted in FIG. 3. rotation 
of drive arm 127 by shaft 98 extends the blade 106 



into cassette 28. then downward indexing ctf the 
cassette 28 deposits a wafer 15 onto the vacuum 
pick end of the blade. 

As showa In Fl(x 8. reversed rot^on of the 
B shaft 98 and dnVe arm 127 (RG. 2)* retract the 
blade assembly 84 Into the load lock chamber and 
position blade 106 at internal eievator 52. There, 
upward inde)dng of the elevator 52 deposits the 
wafer 15 on one of the cooperating spaced pairs of 
10 elevator support plates 54-54. 

The blade assembly 84 is then refracted fur* 
fher to dear the internal elevator 50; the elevator Is 
indexed downwardly to provide clearance for exten- 
sion of the blade (see RG. 2); the elevator 24 is 
15 indexed to posfton the next selected wafer for 
unloading by the blade 106, ^n the blade 106 is 
extended into the casset^ 28 tD Initiate repetition 
of the above-described unloading cycle. The un- 
loading and loading cycles are repeated until the 
20 internal load lock elevator sa is loaded. 

l^lexE. the load tock sfit valve % is dosed by 
door 38 and tiie load lock chamber 14 and the 
process chambers are pumped down to vacuum 
under tiie contrd of computer 70. The elevator 50 
25 is Inctexed to position a selected wafier 15 for 
unloading and the arm assembly 84 is ^ctended to 
tiie position ^town In RG. 8 to position the blade 
106 In the elevator 50 so that short downwand 
elevator Indexing cteposlts the selected wafer 15 
30 onto tiie blade. Drive arm 127 is Ihen rotated by 
Inner shaft 98 to move the blade assembly 84, as 
indicated by arrow 72« to the fully retracted position 
shown in FIG. 9. 

Rotation of the middte shaft 96 and flange 134 
35 (RG. 2) rotates tiie blade assembly 84 counter- 
dockwise In ttie cfirection 74. RG. 10, to position 
the blade 108 for insertion Mo aselected chamber, 
here chamber 20. 

Next as shown In RQ. 11, drive arm 127 Is 
40 rotated by inner shaft 98 to extend the blade 106 
and wafer 15 thereon into ttte process chamt^er 20 
so the chamt>er's waler exdiange robot can unload 
the wafer 15 from blade 106 onto the chamber 
support or pedestal. 
45 yvhile an ei^mplary wafer transfer sequence 
b^ween external elevator 24-to-MBmal elevator 
504o-prcx»ss diamber sudi as 20 tes been lllus* 
trated. as is obvtous tiie computer 70 Is pro- 
grammed to unksad waiiers 15-15 from tiie cham- 
60 bars 16-22 Into the load lock elevator 50, to unload 
tiie wafers in tiie elevator 50 into the cassettes 28 
or 2a and to transfer a wafer from one process 
chamber such as 20 to anotfier charnber 18, 20 or 
22 to implernent another processing st^ 
SB ^•; * ■ ' ' 
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Exemplary Processing Chamber Robot Operation 

As mentioned above, the above-described bad 
lock chamber robot 80 preferably operates coop- 
eratively wth dedicated robots withfn the indivickial 
chambers 16-22. The load lock robot 80 presents 
wafer 15-15 to selected transfer points over asso- 
ciated wafer^upporting electrodes or susceptors 
wftiiin the chambers 16-22 for transfer to the pro- 
cess (Camber robots, then retrieves the processed 
wafer 15. preferably at the same transfer points, 
from the process chamber robots for removal from 
the chambers. 



1. CVD/PECVD Reactor 

RGS. 12 through 16 illustrate the operation of 
one suitable processing chamber robot wafer trans- 
fer mechanism 140, one which is used in the 
referenced CVD reactor patent appScation. TTie ex- 
empfary CVD reactor chamber comprises a circular 
housing 142 (also termed a "chamtier"), typicaiiy 
made of aluminum, which defines an Inner vacuim 
chamber 144 that has a processing regton/^lasma 
processing region 146 (FIG. 14). The CVD reactor 
also includes a wafer-hoMIng sjsceptor 148. A 
process/purge gas manlfbld 150 appfies process 
gas and deposition gas to the chamber 144. An RF 
power supply and matching network 151 (RG. 12) 
is used to create and sustain a process gas plasma 
from the inlet gas (for PECVD operafion) and a 
drcular, near-infrared lamp heating system (not 
shown) is mounted beneath the susceptor 148 for 
heating the susceptor 148 and wafer 15 positioned 
thereon to effect deposition from the processing 
gas onto Vha wafer 15 (during thermal CVD and 
PECVD operation)- Preferably, hl^ frequency RF 
power of 13.56 MHz Is used, but low freiquendes 
have been used as well. 

Refening ferther to RQ. 12. the decficaled wa- 
fer transport systenfi 140 comprises a pturality of 
radialfy-extending wafer-suppcit iBigers 152-152 
which are spaced about and are aligned with the 
periphery of the susceptor 148. These fingers are 
mounted to a semi-circular mountirig bar or bracket 
154. Similarly, ah array of radlaily-oxtendtng 
susceptor-support fingers 156-156 are ^>ac6d dr- 
cumferentially about the susceptor 148, InterdigltBt- 
ed wHh the wafer support fingers 152-152, and are 
mounted to r semi-drcuiar l3ar 158 positioned just 
inside l3ar 154. Because of the .spadng between 
the adjacent firigers'l 52-152 aifid between the acQa- 
cent fingers 156-166, only one finger 152 and one 
linger 156 appeans jn the cross-is^onal view of 
RGS. 12-16. The mounting bars 1S4 and 

158 are mounted whhin the housing 154 to stan- 
danj vertically movable elevator assemblies {not 



^own) such as. for example, simple vertically 
movat>le shafts driven by stepper motors via suit* 
able gear drive or pneumatic cylinders, under con- 
trol of computer 70. 

5 Refening still further to RG. 12, in operation, 
the external load lock blade 106 {wfth the wafer 15 
to be processed sup^x^rted thereon) is inserted via 
opening 36 into chamber 144 to a posHfon over the 
susceptcx- 148. In this starting position, the wafer 

10 fingers 152-152 are positioned between the 
susceptor 148 and the blade 106. 

Next as shown in FKB. 13. the wafer elevator 
mechanism is actuated by tfie computer 70 to raise 
the wafer-support fingers 152-152 above the load 

16 lock blade 106 to pick up the wafer 15. The blade 
106 is then withdrawn from the chamtier 142. 

As shown In RG- 14. after effecting retraction 
of the blade 106. computer 70 Implements cbsing 
of the door 38 over the blade access slot 36 to seal 

20 chamber 142: Next, the susceptor elevator mecha- 
nism is actuated by the computer 70 to raise the 
susceptor-support fingers 156-156 and tfie suscep- 
tor 148 thereon so that the susceptor 148 Ofts the 
wafer 15 from the fingers 152^152 into position for 

25 deposition in ttie processing area 146 Immecfiately 
adj^nt the gas distdbution manifold 15a 

After processing, and refening to RG. 15. the 
computer 70 actuates the susceptor elevator 
mechanism to lower the susceptor fingers 156-156 

3o and the susceptor 148 thereon and depo^ the 
wafer 15 onto the wafer support fingers 152-152. 
The door 38 Is then opened and btede 106 is again 
inserted through the hoiising 142 Into chamber 
144. Next as shown In FK3. 16, the wafer elevator 

35 mechanism Is acbiated by computer 70 to kwer 
the wafer support fingers 152«*152 and thereby de- 
posit the wafer 15 onto the load lock Hade 106. 
After the downwmdiy moving fingers 152-152 clear 
the blade 106« the blade 1(W is again retracted by 

40 the computer 70, leaving the fingers 152-152 and 
156*156 in the position shown in RG. 12 rrady for 
another wafer Insertion processing and withdrawal 
cycle. 

4$ / ■ ■' 

2, Etch Reactor 

FIGS. 17-19 depict an alternative internal wafer 
transport system 160, one which is used 'm the 
50 etch reactor disdosed in tfre referenced etch reac- 
tor patent application. 

The etch reactor chamber comprises a housing 
162, typically of iKm-magnetic material siich as 
alumlnuni, which defines bttemd etch chamber 
55 . 164. \ ■■*'■;■■ ••; 

; The reSdor system also includes a fiquid-cooK 
ed cathode 166. Provision is made for applying a 
gas such as helium between the wafer 15 and the 
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upper surface of the eiecfrode 166 when liie wafer 
15 is positioned on the electrode (see RG. 19}. 
The gas is applied at a pressure of, for example, 
about 4 ton- to enhance the thermal conductivity 
tTOtween ttie wafer 15 and^the Rquld-cooled eleo 
trade 168, 

Bectrical energy is applied to the powered 
wafer-si^porting electrode 166 from an RF power 
supply 168 (RQ. 19), preferably at a high fre- 
quency, although low frequency can be used. 

Process gases are supplied to intedor 
chamber 164 by a gas manifold (not shown) from a 
gas supply system comprising one or more gas 
storage sources* The gas manifold Is positioned 
over and closely spaced to the electrode 166 for 
applying process gas to the process chamber 170 
(RG, 19). 

The etdi reactor also Incfudes two pair of verth 
caf magnetic cpSs mounted on opposits of 
the diamber 162 for providing a rotatable field 
parallei to ^ ^ane of wafer 15. Ttie magnetic field 
enhances the etch^ effectiveness of the reactor, 
including etch rate and uniformity. The magnetic 
coils are controlled by the computer 70 for provid- 
ing a precisely controlled magnetic field that Is 
preferably rotated at a few cycles per minute by 
the simple expecjB^ of sequentiaDy revering cur- 
rent to the sets of coils* 

The wafer exdmge system 160 Integrally In- 
corporates a multiplteity of verticalfy-extending wa- 
fer support pins 174-174. The pins 174-174 are 
arranged k\ a circular configuration and extend 
through holes in the periphery of the electrode 166. 
The wafer exchange systam 160 may al^ bicor- 
porate a wafer damp ring 172. Both the wafer 
su(^x>rt fingers 174-174 and the wafer ciam|»ng 
rbig 172 are mounted to a support arm means 
which omiprsses a horizixitaOy-extendffig arm 178- 
178 (only one rai^al support arm 178 is shovm In 
the cross-section erf R(^. 17*19) mounted to fifl 
shaft 176 (RG. 18) for verfical displacement 
cal movement of ffie shaft 176. clamp ring 172 and 
wafer support pins 174-174 is effected by a pieu- 
maUc cyGnder, the operation whidi is controlled by 
computer 70. 

Refening further to RQ. 17, in operation, inl- 
t'aify the assembly 160 is sBghtty elevated to por^ 
mit tasertion of the load lock blade 106 through 
door 36 and housing 162 and into the process 
diamber 170 (RG. 19). Note, the fixed separation 
between the top of fiie wafer support pins 174-174 
and the damping ring 172 Is al^ed hortzontally 
wim the slit 36 in this posHion so that the blade 106 
can pass between the pins 174-174 and tiie dcvrip- 
hg ring 172 and into the plasma etching region 
170 over the electnxle 166. 

Next as shown In RG, 18, the shaft 176 Is 
. actuated by computer 70 to raise the wafer trans- 



port mechanism 160 and cause the wafer support 
pins 174-174 to Hft the wafer 15 from the blade 
106, 

After retraction of the blade 106. door 38 (RG. 

5 1) Is dosed over sift 36 and the computer 70 then 
effects the lowering of the shaft 1*^ and the asso- 
ciated wafer transport medianism 160, thereby 
also lowering the damping ring 172 to damp the 
wafer 15 between the ring and the electrode 166. 

10 After processing, the shaft 176 Is raised under 
tfje control of computer 70 to elevate the pins 174- 
174 and thereby lift the wafer IS above the door 36 
so tfie blade 106 can be inserted into the chamber 
164 beneath the wafer 15. Shaft 176 is then lower- 

75 ed slightly to position the pins 174-174 and the 
damp in the positzon shown In RG. 17 so the blade 
106 can then be retracted from tfie chamber 
through the spadng between tfie pins and ttie 
damp. A fresh wafer 15 can then tie placed on the 

20 blade 106 arid inserted Into the chamt)er 164 he- 
tween ttie damp 172 and ttie fMns 174-174 to 
initiato ttie start of anotiier wafer exchange cyde. 

As described above* the wafer exchange sys- 
tem 160 tranters wafers to and from the external 

25 toad lock blade 106, damps ttie wafers 15 and 
removes tfie wafers from ttie electrode 68 using 
only perpendicular, point and peripheral contact 
Tlie usual sliding and/br rolOng filctton contact Is 
alDsent from the disdosed etch reactor system and 

30 its wafer exchange system 160, as well as from the 
disdosed CVD reactor system and ite assodated 
wafer exchange system 140. This reduces the ten- 
dency to gerwato parttcukates within the chambers, 
as does the postttoning of the support and translar 

35 tton apparatus iieneath the processing channbers. 

to additton. the load lock chamber 14 can be 
used for below atmospheric pressure dry process- 
ing such as resist descumming, resist ashing and 
pas^ation. Moreover, but cert^nly not to exiiaust 

40 the posstbiiities, elevator 50 can incorporate a sep- 
larator plate 180 t)elween upper and tower wafer 
sediofis. When positioned as shown in Rd 2. ttie 
plate 180 effecttvety seals ttie load lock chamber 
* 14 arid die waters above the plate from those 

4s below. This provk:ies the capablSty for performing 
pre-processing and post-processing of the upper 
wafers in ttie load lock chamber wlttKHit aff^8c8ng 
the tower wafers. Quite obviously, the plate 180 
couid be eliminated or moved to a different posHion 

50 so ttiat all wafers are subjed to this load lock 
diamber processing step or so that a vanabie 
numt>er d upper wafers are subjected to the pro- 
cessing. Also, unprocessed wafers can be stored 
above the plate 180 prior to processing and pro- 

6$ cessed wafers stored below ttie jplate preparatory 
to return to . tile external cassettes 26,28« or vice 

■ .■ • versa - 

The system 10, RG. 1. can be integrated with 

8 
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a toad lock chamber or other chamber that allows 
the system to transfer wafers to another process 
system whkrh the same as or (Afferent f^m the 
present system 10. Refem'ng to RG. 20, there is 
shown one example of another system (actuaily, 
two systems) which are essentially identical to the 
present system 10, except that the external eieva^ 
tor 24 is not used. Accorcfingly, these two add-on 
systems are designated by tfie general reference 
numerals lOA. Systems 10A are mountBd to sys- 
tem 10 in place of the two chambers 18 and 20. 
Also, while the depicted systems 10A have the 
same dimensions as system 10 and thus require 
the eBmlnation of the chambers at the adjacent 
walls« this limitation is related to ease of repre- 
sentation and is not an inherent system limitation. 
For example, the dimensions of the sldewalls of tiie 
chamber 40A can be varied by lengtfiening tiie 
neck-like entrance 25 to albw use of the full com- 
plement of four chambers. Also, the chambers 10 
and 1 0A are not Omitsd 1o the illustratad pentagon 
configuration and can tncorporate eHher more or 
fewer sides and. accordlnglyp more or fewer cham- 
hers. The illustrated systems 10A use load lock 
14A and robot 80A (which can be essentially kten* 
tical to the corresponding elements of the base 
system 10) to transit wafers 1&»15 between the 
storage elevator 50A and asstxiated chambers 
16A-22A. Ihb main base system load lode 14 and 
robot 80 are used to transfer wafers between the 
storage elevator SQA of the add-on systems 10A 
and tiie base system. 

In another exemplary approach, the "otiier" 
system such as lOA can be a batch system (for ion 
implantation or epitaxial processing, etc). The otii- 
er system (and system 10) may Incorporate a load 
kx:k chamber ttiat perfonns below atmospheric 
pressure pre-processing or post-processing, or per- 
fbrms atmospheric pressure, pipcesslhg such as 
wet cleaning. 

As is also quite apparent the described mul* 
tiple chamber process system can Incorporate a 
single type of process capability (such as etching 
or chemical vapor deposition] In aU chamt^ers 16 
through 22 or can mix etch and deposition cham- 
bers, fnffttienmre, chambers for other types of 
processing such as sputtering and rapkj tiiermal 

• annealing can be used atone or mbced witii otiier 
process chambers. For example, the reactor cham- 
ber disclosed in tfie above-referenced CVD reactor 
p^ent appfication can be used for sputter etching. 
Also. Raioi U.S. Patent 4.581.807, issued Decem- 
ber 31. 1985. which is hereby incorporated by 
reference in its entirety, describes an appHcable 
single wafer rapid tiiermal anneaHng approach. The 

, system. 10 Is thus adaptable to a very large num- 



ber of different chamber combinations and process 
sequences using etch, deposition, sputtering, rapid 
thermal anneal and otiier process steps in-situ 
wHhout breaking system vacuum. 

5 

Claims 

1. An Integrated vacuum prcx^esslng system for 
10 workplaces such as semiconductor wafers, corn- 
prising: 

a vacuum load lock chamber, having a 
closafale entrartce; 

at least one vacuum pnx^esstng chamber 
75 mounted to said toad lock chamber and commu- 
nicating therewHh via openings in tiie adjacent 
chambers: 

each of said processing chambers Inckidlng a 
wafer support means and being adapted for per- 

2o forming a process selected from at least one of gas 
chemistry etchkig. gas chemistry deposition, phys- 
ical sputtering and rapki anne^ng on at least one 
wafer positioned on tiie support and, further includ- 
ing robot means for reversibly moving a wafer from 

ss a selectad internal position adjacent the processing 
chamt>er opening to and onto tiie wafer support 

2. The processing system of Claim It furttier 
comprising: 

a first elevator mounted witiiln tiie load kx:k 
30 chamber, stid Ikat elevator having a number of 
wafer mounting positions and being adapted for 
selectively moving wafers to a first selected load 
lock position mtmal and' adjacent to the toad lock 
chaniber entrence; 
35 a wafer4iandting robot mounted wHhin tiie bad 
lock dmmt^er comprising an extendible wafier sup- 
port blade, means for rotating tiie bbde to selec- 
tively orient the blade at the pracessing chambers 
and elevators, and means for extending and rstrac- 
40 ting tiie oriented blade to position the Uade at 
selected tntemal positions in tire processing cham- 
bers mid at least at a selected toad lock position 
for redprocally transfiarring wafers. 

3. The processing system of Claim 1 or 2, 
46 furtiier comprising a second cassette elevator 

mounted externally to the toad lode chember, sakl 
second elevator having a number of wafer mount- 
ing positions and being adapted for selectively 
, moving said w^ mounting posifions to a second 
50 selected load lode position odsmal and acQaoent to . 
ttie load lock chamber 6ntrarK:e. 

4. The inte^Bted vacuum processing system 
of Clainri 1, at lee»t one of ttie processing charn^ 
bors being adar^ for gas chemisby depositton. 

55 5. The Integrated vacuum processing system 
of Claim 1. at least one of ttie imcessing cham- 
bers b^ng adapted for gas chemistry etching. 
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6. The integrated vacuum processing system 
of Claim 1 or 2, at (east one of the processfng 
chambers further comprising: 

an electrode assembly having a horizontal 
upper face for supporting the wafer, said electrode 
face being generally aligned with the selected In- 
terna] position: and 

said robot means comprising a group of 
generally vertlcaily oriented pins: support means 
mounting the pins in a circular array; and means 
for sequentially moving the support means upwar- 
dly and downwardly to remove the wafer from the 
blade at the selected internal posftion adjacent the 
processing chamber opening and onto the wafer 
support electrode and to return the wafer to the 
blade at the selected internal position. 

7. The integrated vacuum processing system 
of Claim 6. the processing chamber being adapted 
for gas chemistry etcNng. 

& The integrated vacuim processing system 
of Claim 1 or 2, the n^xit means of at least one of 
the processing chambers further compnsing: 

a generally horizontal group of vertically 
oriented pins; 

a generaify horizontal circular clawp ring; 

a generally cylindrical wafer support electrode 
assembly having an tipper face for supporting the 
wafer; 

a support arm assembly mounting the damp 
ring at an upper end tiiereof, and further mounting 
said pins in a generally circular array of <fiameter 
less than the damp ring (£ameter, said upper ends 
of the pins being spaced verficaOy b^ow said 
dami^ng ring; 

a vertically mov^le elevator mechanic 
mounted wHhin the chamber, mounffaig said sup- 
port arm assembly for vertical movement thereof; 

said cyflndrical electrode having v^cal slots 
therein for permitting vertical movement of said 
supfNirt pins therethrough; and* 

means for sequentiafly moving the shaft 
upwardly and downwardly to penmit posttkming of 
the load lock wafer trfade over the wafer support 
electrode at the selected internal position, remov- 
ing the wafer from the blade at the selectsd inter- 
nal position, clamping the wafer to tfie wafer sup- 
port electrode and retuming tiie wafer to. ttie t>lade 
at the elected int^nnal position. 

9. The integrated vacuum processing system 
of Claim 8, tiie processing chamber being adapted 
for gas chemistry etching. 

10. The integrated vacuum procesdng system 
of Claim 1, the load (ode chamtier being adapted 
for processing a wafer positioned tiier^n, 

:,: 11. The Integrated vacuum processing system 
of Cla^. 1 • tiie first elevator having a plate inter- 
; mediate first and second groups of wafer positions 



for sealing tiie first group witiiin the load lock 
chamber and isolating the second group from the 
load lock chamb^. 

12. The integrated vacuum processing system 
5 of Claim 11, furflier comprising means for applying 

ambient gas to tiie load lock chamber to condition 
said first group of wafers. 

13. The integrated processing system of Claim 
1 or 2, further comprising a second integrated 

10 process system mounted to the load lock dtamber, 
said second integrated process system comprising: 
a second vacuum k>ad lock chamber, having a 
dosable entrance; and 

at least one second vacuum processing 

75 -chamb^ mounted to said second load lock cham- 
ber and commur^cating tiierewitti Wa openings in 
the adjacent chamt^ers; 

each of saki second processing chambers 
inducfing a second wafer support and being adapt- 

20 ed for peribnming a process sequence selected 
from at least (Hie of gas chemistry etching, gas 
chemistry deposition, physical sputtering and rapid 
anneafing on a wafer positioned on the support 
and, lUrtiier including second robot means for re- 

25 versibly moving a wafer from a selected Internal 
po^n adiacent the second pnxessing chamber 
oper^ng to and onto the wafer support; an elevator 
nrKxmted wititin tite k>ad lock chamber, sakd eleva- 
tor having a number of Wafer mounting positions 

30 and being adapted for selectivety moving wafers to 
an internal position adjacent tiie second toad lock 
chamber entrance; and a second wafer-handGng 
robot mounted n^in the fcsad k)ck chamber and 
compri^g an extendible waf^ support blade, 

3S means lor rotating t\B blacte to selectively position 
the blade at the sec^d processing chamber and 
associated elevator, and means for extending and 
retracting the blade to position the blade at tiie 
elevators and at tiie selected internal position m the 

40 second processing chamber ibr toading and un- 
toadlrig wafisrs. 

14. The Hitegrated vacuum processino system 
of Claljm t3. at least one of tiie load lock chambers 
being adapted for processing a wafer positioned 

45 ther^. 

15. The bit^nfed vacuum processing system 
of Claim 13. at least one of tiie internal toad lock 
chamber elevators having a plate intennediate first 
aid second groups of wafer positions for seeing 

50 the first group wtthln tfi& assodated load lock 
chamber and isolating the second group from the 
- associated toad lode chamber. ^ 

16. The imegr^ed vaouum processing system 
of Claim 1 5. fiirttier comprising means for applying 

55 ambient gas to tiie said load lock chamber to 
condition said first group of wafers. 
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17. The integrated vacuum processing system 
of Claim 1. the robot means of at least one of the 
processing chambers further comprising: 

a first generally circular horizontal array of 
fingers adapted for holding the wafer: 

a second generaity drcular horizontal array of 
fingers interdigitated with the first fingers, the sec- 
ond fingers being adapted for holding a generally 
circular susceptor In a horizontal orientation: 

a first vertically movable elevator mechanism 
mounfxng the first fingers for moving the first fin* 
gers (a) upwardly to lift the wafer off the blade 
preparatory to lifting rTK)vement of the second fin- 
gers into a processing position and (b) downwardly 
to return the wafer to the selected interna! position 
and the load lock blade; and 

a second vertically movable elevator mecha- 
nism mounting the second fingers for movfng tfie 
second fingers (c) upwardly past the first fingers to 
lift the wafier fiierefrom and onto the susceptor and 
into the said processing position, and (d) downwar-^ 
dly for depositing ttie processed wafer onto tfie first 
fingers preparatory to return by tiie first fingers to 
the selected internal position and the load lock 
blade. 

18. The Integrated proces^ng system of Claim 
17. further comprising a second i n le g r at ad process 
system mounted to the \o&d tock chamt)er, said 
second Integrated process system comprising: 

a second vacuum load kx:k chamtier, having a 
closabie entrance; 

at least one second vacuum proces^ng 
chamber mounted to said second load kx:k cham- 
ber and communicating therewith via openings in 
the adjacent chambers: 

eadi of said second processing chambers 
Including a second wafer support and being adapt- 
ed for performing a process sequence selected 
from at least one of gas chemtetry etching, gas 
chemistry deposition, physical sputtering and rapid 
annealing on a wafer portioned on the support 
and» furttier Indudfaig: second robot means for re- 
versitsly moving a wafer from a selected internal 
positron adjacent the second processing diamber 
opening to and onto the wafer support; an elevator 
mounM wHhln the load kx:k chamber, S£^d e!e^^ 
tor having a number of wafer mounting positions 
and being adapted for selectively moving wafers to 
an internal position adjacent the sectmd load lock 
chamber entrance; a second v^^afer-handling tcbclt 
mounted within the toad k>ck chamber and com- ' 
prising an extendible wafer support blade, means 
for rotating the blade to selectively positksn the 
blade si ihe second processing diamber and a^o- 
dated elevator, and iriieans for extending and re- 
tracting the blade to position the^ blade at tfie 



elevators and at the selected internal position in the 
second processing chamber for loading and un* 
toading wafers. 

19. The integrated vacuum processing system 
5 of Claim 17 or 18, at least one of the load lock 

chambers being adapted for processing wafers po- 
sittoned therein. 

20. The integrated vacuum processing system 
of Claim 17 or 18. at least one of Ihe Internal 

10 elevators having a plate intermediate first and sec- 
ond groups of wafer positions for seafing ttie first 
group within the assodated load lock chamber and 
isolating tiie second group from the assodated 
toad tock diamber. 

J5 21, The integrated vacuum processing system 
of Claim 20, further comprising means fear applying 
ambient gas to the load lock chamber to condition 
said first group of wafers. 
- 22. An integrated vacuum processing systam 

20 comprising: 

a toad lock chamber fiaving a dosable 
entrance: 

at least a pair of vacuum processing chambers 
mounted to said toad tock chamt)er and commu- 
26 ntcating ttierewilh via openings in tf» adjoining 
chambers: 

each of said vacuum proces^ng chambers 
inducHng a wafer support and robot means for 
raversibly moving a wafer from a seiectod intamal 
30 position adjacent ifie chamlser qpenfng to and onto 
the wafer support 

a first elevator mounted externally to tiie load 
tock chamber, said first elevator having a nimiber 
of waiiar mounting positions and being adaptad for 
OS selectively moving saM wafar mounffaig po^ons to 
a position adjacent tiie load tock chamber entrance; 

a second elevator mounted wittiin the load tock 
chamber, saki second elevatn- havdng a number of 
wafer mounting positions and being adapted for 
40 selectively moving wafers to a position adjacent the 
load tock chamber entraiKe; 

a blade assembly mountad wttiiin said toad 
tock chamber, compridng: a wafer support blade 
and a dual fbur-tiar link pnvot rnecfianism, each of 
45 said two four-'bar link thereof comprising first and 
second dde links pivotaOy mounts st oppo^ 
ends tiiersof to connecting end Qnks, sakj two tour* 
bar Bnks being joined to a common mtodto flnk and 
being jdned to opposite first and second end Onks. 
60 the first end link t)elng mounted to Itie wafer sup* 
port blade and the second end link mounting flie 
assodated first and second skto finks at.respedfve 
first and second shafts; and 

means for Imparting R and d movenient to the 
56 >iafer support blade via tiie dual four-bar Qnk 
. . mechanism for selectively posHtodng the bladOi 
:■ cqrnprising: (a) a holtow rotatable d shaft having 
i^J^^s^ the uppw end tiietmf. said fhst pivot 
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shaft extending wHhin the hoHow shaft for co-axiai 
independent rotation, and said second shaft being 
mounted to said coilar, spaced from said first shaft 

(b) means for rotating the hollow drive shaft to 
rotate the blade assennbiy about the first shaft: and 

(c) means for rotating the first shaft to extend and 
retract the blade along a generally straight axis 
through the opposite end finks. 

23. The Integrated vacuum processing system 
of Claim 22, said rotx>t means further comprislr^: 

a first, generally circular hoifzontal array of 
fingers adapted for holcfir^ the wafer; 

a second generally circular horfzontal array of 
fingers interdigitated with the first fir^ers, tfie sec* 
ond fingers being adapted for ht^dlng a generalfy 
circular wafer support in a horizontal orientation; 

a first verticaliy movable elevator mechanism 
mounting the first finga:s for moving tfie first flrv* 
gers (a) upwardly to lift ttie wafer off the blade 
preparatory to liffing movement of fl^ second fin- 
gars info a processing position and. (b) downwardly 
to return the wa^ to the iAode; and 

a second, verfjcally movable elevator mecha- 
nic mounting the second fillers for moving the 
second fingers (c) upwardly past tiie first fingers to 
lift 0ie wafer tfierefrom and onto the susceptor and 
into the said processing position, and (d) downvvar- 
dly for depositing the processed wafer onto the first 
fingers preparatory to return by the tret fingers to 
the blade. 

24. The integrated vacuum processing system 
of Claim 22, said robot means ftirlher comprising: 

a group of waller support i»ns; 
a generally circular ciamp ring; 
a generafly cylindrical water support ^ectrode 
assembly having m upper tece for supporting the 



a support arm assemb^ moiDiling the 
damping ring at an upper end thereof, and ftirther 
mounting said pins vertically In a generally c^cular 
array of diameter less tfian the damp ring dianv 
eter. said upper ends of tie being spaced verficafly 
tietow said c!am(^ ring; 

an elevatpr mechanism mounted within tire 
chamber, for moving the support arm assembly 
vertically; 

said cyfindrical electrode tiaving vertical slots 
therein for pennitting vertical movement of said 
wafer suppqt pins tiierethrough; and 

ineans for sequ^aUy mcfvfng the shaft 
upwardly and downwardly to selected posftipris to 
permit positioning of the water blade over the wafer 
support eiectnode. rernovtng the wafer from ttie 
blade ^ l^e selected Intemal chamber po^on, 
damping the wafer to ttie wafer support electrode 
' iand retuniihg the water, to the' blade at the selected 
internal chamber position. 
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25. The integrated vacuum processing system 
of Claim 22. 23 or 24. tiie second etevator having a 
plate intennediate first and second groups of wafer 
positions for sealing the first group witiiin the load 
lock chamber and isolating tfie second group from 
tiie load lock chamber. 

26. The integrated vacuum processing system 
of Claim 22, 23 or 24. furttier comprising means for 
applying ambient gas to said load lock chamber to 
condition said first group of wafers. 
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